Introduction {#Sec1}
============

Mast cells (MCs) are part of the innate immune system and are recruited to and activated in the microenvironment of a developing tumor. MCs originate from multipotential hemopoietic stem cells in the bone marrow, and express the proto-oncogene *c-kit*, a transmembrane type III tyrosine kinase receptor protein \[[@CR1]\]. After leaving the vascular bed they differentiate and acquire functional maturity.

MC infiltrates have been described in a variety of human cancers, including non-small-cell lung cancer \[[@CR2]--[@CR4]\], breast cancer \[[@CR5]\], colorectal cancer \[[@CR6]\], basal cell carcinoma \[[@CR7]\] and pulmonary adenocarcinoma \[[@CR8]\]. MCs are attracted to the tumor by tumor-derived chemo attractants where they either degranulate to release potential tumor cytotoxic compounds or become innocent bystanders depending on local tumor conditions \[[@CR9]\]. There is controversy about the pro- and anti-tumorigenic effects of MCs in different cancers. The accumulation of MCs has been associated with enhanced growth and invasion of several human cancers \[[@CR10]\]. On the other hand, MC infiltration has been associated with good prognosis in breast \[[@CR11], [@CR12]\] ovarian \[[@CR13]\], lung \[[@CR14]\] and colorectal \[[@CR15]\] carcinomas.

Murine models have shown that tumor incidence and growth are inversely correlated with the MC density in MC-deficient mice compared to normal \[[@CR16]\].

Our previously published pilot report of 348 case series of breast carcinomas showed that the presence of stromal MCs correlated with a good prognosis (*P =* 0.0036) in invasive breast cancer \[[@CR11]\].We present here a large tissue microarray (TMA) study of 4,444 cases of invasive breast carcinomas with clinical outcome data. This study validates the independent prognostic significance of stromal MCs in breast cancer.

Materials and methods {#Sec2}
=====================

Patient selection {#Sec3}
-----------------

A total of 4,620 archival samples from patients with invasive breast carcinoma referred to the British Columbia Cancer Agency between January 1986 and September 1992 were used for TMA construction. The Clinical Research Ethics Board of the University of British Columbia approved the study. Patients with in-situ disease, metastatic disease at presentation, and male breast cancer were excluded from analysis, thus bringing the final tally to 4,444 cases. This represents 34% of all patients diagnosed with breast cancer in the province of British Columbia during this time period. This large, well characterized cohort is derived from a consecutive series of patients who were referred to the BC Cancer Agency for consultation and had tumor samples sent to a central laboratory at the Vancouver General Hospital for estrogen receptor (ER) status. Consequently, for all of these patients we have available detailed demographic and outcome data, as well as formalin fixed paraffin embedded (FFPE) primary tumor samples for immunohistochemical analysis. Available clinical information includes age, histology, tumor grade, tumor size, lymph node status, type of local and adjuvant systemic therapy, and dates of first recurrence and death. Clinical and pathological variables were determined following well-established criteria. A portion of this cohort of patients was recently used in a population study validating the on-line breast cancer prognostic calculator ADJUVANT! Online \[[@CR17]\].

TMA construction {#Sec4}
----------------

The Vancouver Hospital ER laboratory retained single archival tumor blocks from each case in this patient cohort. The material had been frozen prior to neutral buffered formalin fixation. All the paraffin sections were first stained with H&E and reviewed by a pathologist. Representative tumor areas were circled and matched with the donor blocks. 0.6-mm cores were punched out from the donor blocks and embedded 1 mm apart in 17 recipient blocks using Tissue Microarrayer (Beecher instruments Silver Springs, MD). These tissue arrays have been used to test the new ER SP1 antibody that improves the sensitivity for detecting ER by IHC \[[@CR18]\].

Immunohistochemistry (IHC) {#Sec5}
--------------------------

Sections from TMA were cut at 4 μm and immunostained with antibody to KIT (CD117), a transmembrane tyrosine kinase acting as a type III receptor for MC growth factor. Slides were also concurrently stained for ER and Her2 using standard immunoperoxidase techniques. The antibodies and antigen retrieval methods are summarized in Table [1](#Tab1){ref-type="table"}. Table 1Details of antibodies used for immunohistochemistryAntibodyIsotypeCompanyAntigen retrievalConcentrationc-kitRabbit polyclonalDakoVentana1:100Her2 SP3Rabbit monoclonalLab visionSteam 30 min, 0.05 M TRIS buffer (pH 10)1:100ER SP1Rabbit monoclonalLab visionCitrate buffer (pH 6)1:250

Immunohistochemical image processing and scoring {#Sec6}
------------------------------------------------

The stained slides were digitally scanned with a BLISS automated digital imaging microscope (Bacus Laboratories, Lombard, IL) which consists of a microscope with a scanning stage, video camera and software designed for scanning TMAs. A relational database was constructed using identification information and immunohistochemistry scores for each tissue core in the microarrays. An internet website was then constructed using this database and a WebSlideViewer Java applet provided by the manufacturer to view the microarray images and allow for an image zooming functionality. This website is publicly accessible through [http://www.gpecimage.ubc.ca/tma/web/viewer.php.](http://www.gpecimage.ubc.ca/tma/web/viewer.php)

The slides were scored manually by two independent pathologists, blinded to the clinical outcome, as previously described \[[@CR11]\]. Total number of stained MCs in each core was recorded. ER status was assessed using the rabbit monoclonal antibody (SP1) antibody \[[@CR18]\]. The fractions of ER positive tumor nuclei were scored as 0 (\<1%), 1 (1--25%), 2 (25--75%), and 3 (\>75%). Her2 SP3 rabbit monoclonal from LabVision (NeoMarkers) was used to stain the TMA slides and were scored using Hercept test^®^ (Dako Corporation, Carpinteria, CA) scoring system. Final Her2 score was derived using both IHC and Fluorescent in situ hybridization (FISH) assays. Cases with Her2 IHC Herceptest score = 3, were scored as positive. Those cases with Her2 IHC Herceptest score = 2 were re-evaluated using FISH assay, and only those cases with Her2 FISH amplification ratio ≥2.0 were scored as Her2 positive. C-Kit and ER scores were binarized for statistical analysis as follows: CD-117: 0 = no MCs; 1 = any MCs; ER: 0 ≤ 1% nuclei stained; 1 ≥ 1% nuclei stained. We excluded cases for which it was not possible to assign a score to the immunostaining (insufficient invasive tumor in the core, or missing core).

Statistical analysis {#Sec7}
--------------------

The raw scores were entered into an Excel database and each TMA core was assigned a unique core ID number. The spreadsheet was then processed utilizing TMA-Deconvoluter 1.06 software that had been adapted for TMA analysis \[[@CR19]\]. A database was created by incorporation of all deconvoluted marker data into the clinicopathologic patient database.

We applied a split-sample validation technique for our statistical analysis. Our 4,444 patient cohort was stratified into eight subgroups (Table [2](#Tab2){ref-type="table"}) based on adjuvant treatment received and then randomized into equal sized training and validation sets. The two groups were balanced with respect to treatment received; but there are also no significant differences in clinical or pathological variables, including age, tumor size and grade, nodal status, and ER status. For this study, and future studies using this TMA, the primary investigator is given access to all clinical, outcome, and TMA data from the training set only. The training set is used to generate and refine hypotheses regarding the biomarker under study. Significant findings are then formally presented at a bimonthly joint scientific group meeting of the Genetic Pathology Evaluation Centre (GPEC, a collaborative group of scientists and pathologists) and Breast Cancer Outcomes Unit (BCOU, a group of oncologists and epidemiologists based at the BC Cancer Agency). Those findings considered to be of clinical and scientific interest are then re-tested on the validation set. A separate researcher who did not participate in the training set analysis performs the re-testing on the validation set. Our statistical approach is intended to minimize false positive results, particularly with subgroup analysis. Table 2Summary of clinical-pathological characteristics of the 4,444 breast cancer patientsTest setValidation set*n*% within group% within known values*n*% within group% within known valuesTotal2,2222,222*Age at diagnosis (years)*Median (range)60 (25--95)60 (23--91)\<401707.77.71577.17.140--5445720.620.646821.121.155--6970231.631.680936.436.4≥7089340.240.278835.535.5*Gender*Female2,21199.599.52,21099.599.5Male110.50.5100.50.5*Nodal status*Negative1,27257.257.41,25656.556.8Positive94342.442.695743.143.2Unknown70.390.4*Number of positive nodes*Median (range)2 (1--24)2 (1--28)1--358662.164.361464.266.24--924325.826.722923.924.7≥10828.79.0848.89.1Unknown323.4303.1*ER Status at diagnosis*Negative47221.221.847221.221.9Positive1,68976.078.21,68775.978.1Unknown612.7632.8*Tumor size (cm)*Median (range)2.0 (0.1--9.9)2.0 (0.1--9.9)0.1--1.026511.912.128512.813.01.1--2.086438.939.486438.939.52.1--5.094942.743.291541.241.8\>5.01175.35.31265.75.8Unknown271.2321.4*Tumor grade*11255.66.01034.64.9287639.442.084438.040.231,08348.752.01,15351.954.9Unknown1386.21225.5

Statistical analysis was performed using SPSS 14.0. In univariate analysis, breast-cancer specific survival (BCSS) was estimated using Kaplan--Meier (KM) curves, and significant differences determined by Log rank tests. For BCSS, survival time was censored at the date of death if the cause was not breast cancer or at the date of last follow-up if the patient was still alive at the end of the study period. 6 patients with unknown cause of death were excluded from BCSS analysis. Cox proportional hazards models were used to calculate adjusted hazard ratios accounting for covariates. Kendall's tau-b and the Mann-Whitney tests were used to measure the correlation of c-kit status to pathological variables. All statistical tests were two-sided. The Bonferroni correction for multiple comparisons was applied during validation set analysis, and the alpha value for each comparison is 0.05/*n*, where *n* is the total number of comparisons.

X-tile analysis {#Sec8}
---------------

We also used X-tile software \[[@CR20]\] to find the optimal cut-off point for the total number of MCs that will predict prognosis in breast cancer patients. X-tile program split the cohort randomly into a matched training and validation set as a method for selecting optimal cut-points. It than calculated a *P* value for every possible division of the cohort expression data. A two-dimensional graph with its corresponding survival curves was plotted where each colored pixel was proportional to is χ^2^ Value. The program automatically calculated the maximum χ^2^ value which served as a cut-point to separate the number of MCs that predicted prognosis.

Results {#Sec9}
=======

Out of 4,620 cases on the TMAs, we selected 4,444 breast cancers that showed invasive tumor in the cores. The clinico-pathologic characteristics of patients included in the study are depicted in Table [2](#Tab2){ref-type="table"}. The total number of stained MCs was recorded as a continuous variable with counts ranging from 0 to 24 MCs per core. They were seen as 4--20 μm round to oval mononuclear cells with granular cytoplasm and single oval nucleus. The cytoplasmic granules were ganglion-, net-, or crystal-shaped (Fig. [1](#Fig1){ref-type="fig"}). Fig. 1TMA core showing stromal mast cells stained with c-kit (CD-117). Magnification, 20×. MCs are seen as brown, granular stained oval, spindle or polygonal cells

Training set results {#Sec10}
--------------------

### Survival analysis {#Sec11}

A total of 2,222 patients were included in the training set analysis. After excluding cases which had insufficient invasive tumor, missing core or un-interpretable staining pattern, 1,801 cases were carried forward for the analysis. Out of these, MCs were present in 508 (28.2%) cases. The mean survival time of patients with presence of stromal MCs was 15.0 years (95% CI, 14.5--15.5) compared to 13.9 years (95% CI, 13.5--14.2) for those who did not have positively stained MCs in their tumor stroma. KM survival analysis (Fig. [2](#Fig2){ref-type="fig"}a) showed that the presence of stromal MCs was a favourable prognostic marker in the entire training set (BCSS @ 18.4 years, Log rank \[Mantel Cox\], *P =* 0.001). Fig. 2KM survival curve for all patients in training set (**a**) and validation set (**b**) with presence of stromal mast cells

### Correlation with other biomarkers {#Sec12}

There was positive correlation between MCs and ER (Kendall's tau-b \[τ~b~\], 0.034, *P =* 0.148), Bcl~2~ (τ~b~ = 0.077, *P =* 0.002), and Her2 (τ~b~ = 0.049, *P =* 0.052), and negative correlation between MCs and EGFR (τ~b~ = −0.029, *P =* 0.228) and CK5/6 (τ~b~ = −0.003, *P =* 0.906) in the training set analysis (Table [3](#Tab3){ref-type="table"}). As these correlations were either not significant or extremely weak, they were not carried forward to the validation set for further analysis. Table 3Correlations between mast cells and other biomarkersTraining setMast cellsERKendall's tau-b0.034Significance (2-tailed)0.148*N*1,788EGFRKendall's tau-b−0.029Significance (2-tailed)0.228*N*1,646Her2Kendall's tau-b0.049Significance (2-tailed)0.052*N*1,746CK5/6Kendall's tau-b−0.003Significance (2-tailed)0.906*N*1,624Bcl2Kendall's tau-b0.077Significance (2-tailed)0.002*N*1,616*N*---scorable for both markersAll scores binarized as detailed in the text

### Nodal status {#Sec13}

KM survival analysis showed no statistically significant difference in the survival between tumors with and without MCs in node-negative (BCSS @ 18.1 years, Log rank \[Mantel Cox\], *P =* 0.1199) and a significant difference in the node-positive group (BCSS @ 18.3 years, Log rank \[Mantel Cox\], *P =* 0.0140). Hence, this result was also not carried forward to the validation set.

### Multivariate analysis {#Sec14}

Cox proportional hazard model was used to carry out the multivariate analysis and included age, tumor grade, tumor size, nodal status, ER and Her2 as independent predictors of BCSS. All the above variables achieved statistical significance as shown in Table [4](#Tab4){ref-type="table"}(a). Presence of MCs achieved statistical significance (*P =* 0.041) with a HR = 0.804, 95% CI 0.653--0.991. Table 4Cox proportional hazard regression analysis showing hazard ratios and *P-*values in patients with invasive breast carcinomaSignificanceHRBCSS 95% CI for HRLowerUpper(a) Training setMast cells0.0410.8040.6530.991ER0.0180.7770.6310.957Her20.0031.4391.1291.834Size of the lesion    2--5 cm vs. ≤2 cm0.0001.8841.5472.295    \>5 cm vs. ≤2 cm0.0011.9311.3302.803Grade\*    Grade 1, 2 vs. Grade 30.0011.3901.1391.696Nodal status0.0002.3801.9652.882Age    40--49 vs. \<400.0000.5670.4200.765    50--65 vs. \<400.0130.6890.5130.924    \>65 vs. \<400.0190.6770.4890.938(b) Validation setMast cells0.1280.8460.6831.049ER0.02890.7930 .6440 .976Her20.00181.4631.1521.859Size of the lesion    2−5 cm vs. ≤2 cm3.07 × 10^−4^1.4391.1811.753    \>5 cm vs. ≤2 cm1.66 × 10^−6^2.2581.6183.151Grade\*    Grade 1, 2 vs. Grade 31.96 × 10^−6^1.6581.3462.042Nodal status7.06 × 10^−19^2.4101.9842.927Age    40--49 vs. \<400.4321.1580.8031.671    50--65 vs. \<400.6341.0900.7651.552    \>65 vs. \<400.071.3940.9731.998\* Grade 1---well differentiatedGrade 2---moderately differentiatedGrade 3---poorly differentiatedHR = adjusted hazard ratio, CI = confidence interval and BCSS = Breast Cancer Specific Survival

Validation set results {#Sec15}
----------------------

### Survival analysis {#Sec16}

This group included the remaining 2,222 patients from the whole cohort. The mean age at diagnosis was 60 years and the median follow-up was 12.4 years. The median tumor size was 2.0 cm. 50% of patients had Grade 3 tumors, 43% were node positive, and 76% were ER positive. After excluding cases that had insufficient invasive tumor, missing core or un-interpretable staining pattern, 1,796 cases were carried forward for the analysis. Out of these, MCs were present in 494 (27.5%) cases. KM survival analysis (Fig. [2](#Fig2){ref-type="fig"}b) showed that the presence of stromal MCs was a favourable prognostic marker in the validation set (*P =* 0.006).

### Multivariate analysis {#Sec17}

Cox proportional hazard model was used to carry out the multivariate analysis and included age, tumor grade, tumor size, nodal status, ER and Her2 as independent predictors of BCSS. All the above variables achieved statistical significance as shown in Table [4](#Tab4){ref-type="table"}(b). Presence of MCs did not achieve statistical significance (*P =* 0.128) but retained a similar HR = 0.846, 95% CI 0.683--1.049 as in the training set analysis.

X-tile analysis results {#Sec18}
-----------------------

We assessed the association between patient outcome and number of positively stained MCs in the stroma of tumors using X-tile software. This software allowed us to define an optimal cut-off point that defined the number of MCs needed to predict good prognosis in the cancer patients. The program divided the population into low and high-risk groups based on the number of MCs detected. It converted continuous data into ordinal classes for statistical analysis. The X-tile plot showed that breast cancer patients with any number of stromal MCs had better prognosis compared to those who have no MC infiltration in their stroma. MCs ranging between 1 and 22 in the tumor stroma were present in 507 (27.61%) patients and were grouped together in the low population group of the training set. The high population group comprised of 1,329 (72.39%) patients in the training set. It reiterated the findings obtained by KM survival analysis that the presence of any number of stromal MCs predicts good prognosis in invasive breast cancer patients.

Discussion {#Sec19}
==========

The importance of the reciprocal relationship between tumor and stroma is being increasingly recognized \[[@CR21]\], and is the role of stromal inflammatory cells like MCs, macrophages, fibroblasts and T cell subtypes in cancer initiation and progression. cDNA microarray analysis has shown that genes expressed by stromal cells correlate with differences in the biology of the tumors and are prognostic predictors in breast cancer \[[@CR22]\].

There is an ongoing debate about possible detrimental or beneficial effects of MC accumulation in the stroma of solid tumors. In-vitro studies have shown that MC inhibits tumor growth \[[@CR23]\]. This is in agreement with other studies showing increase in MC count in early stage of non-small cell lung cancer and thereby supporting their anti-tumor role. \[[@CR3]\]. Increased islet/stromal MC-ratio and presence of tumor islet MCs were shown to be independent good prognostic indicators in non-small-cell lung cancer \[[@CR24]\]. Recent studies in ovarian cancer \[[@CR13]\] and colorectal cancer \[[@CR15]\] have also confirmed their correlation with prognosis.

MCs secrete factors like heparin, interleukin-8 (IL-8) and vascular endothelial growth factor that promote neovascularization; histamine which suppresses immune response; platelet-derived growth factor, nerve growth factor and stem-cell factors which are mitogenic; and proteases that promote metastasis \[[@CR9]\]. On the other hand, MCs can inhibit tumor growth by releasing endogenous peroxidase that is cytotoxic to mammalian tumor cells \[[@CR25]\], by natural cytotoxicity \[[@CR21]\] and by recruiting neutrophils, eosinophils, lymphocytes and macrophages \[[@CR26]\]. MCs can secrete protective substances without degranulation in the presence of tumor-derived blockers like oxidized polyamines and thus be detrimental to the tumor \[[@CR27]\]. They can destroy tumor cell surface structures directly and indirectly in a fashion similar to the effect of arginase \[[@CR28]\]. MCs can also inhibit tumor growth by secreting beneficial cytokines like IL-1, IL-4, IL-6, and tumor necrosis factor-α that induce apoptosis of endothelial cells \[[@CR29]\]; and chondroitin sulphate which inhibits metastases \[[@CR30]\]. Cathepsin G secreted by MC activates platelets, lymphocytes and macrophages, and is known to be cytotoxic to some mammalian cells \[[@CR31]\]. Its inhibition by a tumor cell product was implicated in the progression of advanced squamous cell tumors \[[@CR32]\] suggesting its cytotoxic capability against target cells. MCs secrete chymase, which stimulates apoptosis in different target cells \[[@CR33]\] and inhibits angiogenesis by exerting cytotoxic effect on vascular smooth muscles \[[@CR34]\]. MC tryptase stimulates inflammation and recruits fibroblasts leading to tumor fibrosis, and thereby limiting tumor growth and metastasis \[[@CR35]\]. Tryptase, however, is also implicated in angiogenesis and its effect correlated with a better response to chemotherapy in ovarian cancer. This suggests that MC tryptase-mediated fibrosis and angiogenesis may be responsible for the good prognostic effect seen in advanced ovarian cancer \[[@CR13]\].

In this TMA study, we showed that the presence of even one or more MCs in the tumor microenvironment was sufficient to exert a positive prognostic effect. Our finding supports the idea of assessing inflammatory cell infiltrates as prognostic markers in cancer. In our previously published pilot report, we had observed no correlation between the presence of stromal MCs with either B-cells (CD20-positive) or T-cells (CD3-positive) \[[@CR11]\], and hence we did not stain for these inflammatory cells in this study. We also did not find a statistically significant prognostic effects of MCs in the node-negative group in the training set analysis. This differs from our earlier published report \[[@CR11]\] on a 348 case series which concluded that the presence of MCs was a favourable prognostic factor in the node-negative patients (*P =* 0.018) but not the node-positive group (*P =* 0.384). This finding underscores the importance of validating clinically relevant findings on a larger series of patients and using the test-validation approach to arrive at a meaningful conclusion.

A number of studies have elaborated on the role of immune cells in cancer etiopathogenesis. T regulatory (Treg) cells are known to be associated with poor outcome in ovarian cancer \[[@CR36]\] and the initial results of a clinical trial aimed at specifically eliminating Treg cells has shown promising results \[[@CR37]\]. Lymphoma-associated macrophages have been used to predict the outcome of follicular lymphoma \[[@CR38]\] and reactive macrophages are used to predict breast, prostate, ovarian, and cervical cancer outcome \[[@CR39]\]. Tumor-infiltrating neutrophils are used to predict outcome in patients with adenocarcinoma of the bronchioloalveolar carcinoma subtype \[[@CR40]\] and gastric carcinoma \[[@CR41]\]. In a recent report, it was concluded that the type, density, and location of immune cells within the tumor samples are a better predictor of patient survival than the histopathological methods currently used to stage colorectal cancer \[[@CR42]\].

In conclusion, we confirm our earlier pilot study findings and confirm that stromal MCs correlate with a good prognosis in a large cohort of 4,444 invasive breast cancer patients with long-term follow-up. It highlights the critical role that the host stromal reaction, in particular the inflammatory cell infiltrate, plays in modulating cancer progression. MCs can be used as markers for risk stratification in invasive breast cancers.
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